DURING recent years two groups of workers have reported a notable increase in urinary cholesterol excretion in cancer. Bloch and Sobotka (1938) worked with pooled urine specimens from cancer wards and compared them with pooled specimens from cardiac and tuberculosis wards, and found approximately ten times as much cholesterol in the cancer urine as compared with the cardiac and tuberculosis urine. In this study the cholesterol was isolated in relatively large quantities (0.35 g. per 100 litres of urine), and its identity was proved by determination of melting-point, optical rotation and preparation of the acetate.
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This work was later extended by Sobotka, Bloch and Rosenbloom (1940) to individual cases of cancer using a less specific colorimetric method, depending on the Liebermann-Burchard reaction. They reported an increase of urinary cholesterol in 19 out of 92 cancer patients. Later, Bruger and Ehrlich (1943) , using a similar method of estimation, found a higher incidence of hypercholesteroluria, 11 of their 32 cases giving results above normal limits. However, the actual concentration of cholesterol reported by Bruger and Ehrlich in normal urine was approximately twice as great as that found by Sobotka, Bloch and Rosenbloom. It appeared, therefore, that the methods used in these two studies must have been significantly different, and we felt that further work on the technique of estimation was needed. While admitting the possible non-specificity of the Liebermann-Burchard reaction, we felt that this type of method was the only one likely to find immediate clinical application, and it does appear to have given results consistent with the original work of Bloch and Sobotka. The present work was undertaken with the main object of finding out whether refinements of this colorimetric method of estimation would be of any value in the diagnosis of cancer. EXPERIMENTAL. Extraction method.
The chloroform extraction method of Neustadt, Howard and Myerson (1946) was first tried, but the amount of colour obtained at the final stage from the normal urines was too small for accurate measurement. Adaptation of this method, using the whole of the extract from 200 ml. of urine (in place of 50 ml.), gave a brown rather than a green colour with the Liebermann-Burchard reagent, as shown in Fig. 1 . An attempt was made to correct for this error by the introduction of a blank reading, which was obtained by adding to half the urinary extract in 5 ml. of chloroform 0-9 ml. of ethanol and 0-1 ml. of concentrated H2S04 in place of the Liebermann-Burchard reagent. This sometimes gave appreciable readings up to the equivalent of 0-15 mg. of cholesterol when compared in the photoelectric absorptiometer (King-Gallenkamp) with the Ilford spectrum red filter (maximum transmission 660mt.). As an alternative to charcoal treatment a further stage was introduced, which consisted of evaporating the chloroform solution to dryness and extracting the residue with several portions of hot petroleum ether (B.P. 40-60°C.) before final colorimetry, but the blank values were still as high as 0-06 mg. of cholesterol in some cases-a value comparable with the amount in 100 ml. of normal urine. A further disadvantage of the extraction method was the occasional difficulty in separating the emulsion produced during the preliminary extraction with chloroform. We therefore felt that this procedure, although apparently giving good recoveries of added cholestesol of the order of 0-5 mg., is not suitable for the estimation of the small amounts found in normal urine. Attempts were therefore made to find an alternative method which would yield a final solution uncontaminated by urinary pigments.
Adsorption methods.
Numerous experiments were made on urine with added free cholesterol and/or plasma to determine whether the cholesterol could be completely removed from the urine by adsorption methods. The general procedure was to filter the urine slowly through a 3-inch wide column of adsorbent from 1 to 3 inches in length, and after washing the column with water, to elute with 40 ml. of cold acetone. The acetone was then evaporated to dryness, the residue extracted with several portions of hot petroleum ether, and the petroleum ether solution evaporated to dryness. The final residue was then dissolved in 5 ml. of chloroform and treated with the Liebermann-Burchard reagent as described below under aluminium tungstate method. The final chloroform solution was invariably colourless, and gave negligible blank values when treated with 0-9 ml. of ethanol and 0-1 ml. of concentrated H2SO04 as described above. It appears evident from these experiments that alumina was the most promising adsorbent, retaining up to 93 per cent of the added cholesterol, most of which was successfully eluted with acetone (79 per cent). Charcoal was a more efficient adsorbent (100 per cent), but the adsorbed cholesterol could not be eluted with acetone, and only incompletely eluted with chloroform. The recovery with alumina was, however, far from quantitative, and it soon became evident that this was connected with the amount of protein present in the urine, the proportion of protein removed by the column being very similar to that of cholesterol removed. This relationship is illustrated in Table II , which gives the result of an experiment in which a larger amount of plasma was added (2 ml. to 100 ml. of urine). Table V . In these experiments the precipitates, after being washed with water, were extracted with boiling acetone, the extract evaporated to dryness, extracted with petroleum ether, evaporated to dryness and dissolved in 5 ml. of chloroform for final colorimetry.
The extracts were in all cases colourless and final Liebermann-Burchard colour a pure green as shown by the absorption spectra in Fig. 1 . The fitrates were put through an alumina column and worked up as described above. It will be seen from Table V Aluminium tungstate method. To 200 ml. of urine were added 10 ml. of 10 per cent sodium tungstate followed by 10 ml. of 0-73M sodium aluminium sulphate, and the mixture left to stand for 5 to 10 minutes. The precipitate was collected by centrifugation and washed twice with successive portions of 60 ml. of hot water. The washed precipitate was extracted three times with boiling acetone, and the acetone removed from the combined extracts by distillation over a boiling water bath. The small aqueous residue was then evaporated to dryness in an oven at 105°C., the process being assisted by drawing a stream of air through the flask. The residue was extracted several times with hot petroleum ether (B.P. 40-60°C .), the extract evaporated to dryness and the residue dissolved in 5 ml. of chloroform for final colorimetry. A standard solution containing 0-5 mg. of cholesterol in 5 ml. of chloroform was prepared for comparison at each estimation. 1 ml. of the Liebermann-Burchard reagent was added to each of the test and standard solutions, the treated solutions kept in the dark at 25°C. for 20 minutes, and the green colour compared in the photoelectric absorptiometer (King-Gallenkamp) with the Ilford spectrum red filter (maximum transmission 660mi.) A preliminary calibration curve showed that Beer's law was well obeyed up to optical densities of 0-5. The cholesterol content of the urine was therefore calculated as follows:
Urinary cholesterol -0-25 x reading of unknown in mg. per 100 ml.
Reading of standard.
Recovery experiments. Recoveries of added cholesterol from urine free from heat-coagulable protein by this method are shown in Table VI . It will be seen that recovery averaged 97 per cent with 100 ml. portions of urine and 87 per cent with 200 ml. portions.
In spite of the slightly poorer recovery the latter volume was adopted in further work on account of the small amounts present in many of the specimens studied. Distribution of Cholesterol Between Urinary Deposit (UD) and Supernatant Urine (SU). Table VII shows the distribution of cholesterol between UD) and SU in 11 cases of cancer without albuminuria or gross haematuria. In these cases the urine was adjusted to pH5 and warmed to dissolve urates if necessary before centrifugation. The deposit was washed once with normal saline and extracted three times with boiling acetone. The acetone extract was then evaporated to dryness and the residue extracted with petroleum ether as above.
It is evident from this that there is a wide variation in different cases, and that the whole of the urinary cholesterol may be found either in the deposit or in the supernatant urine, even in the absence of any pathological deposit. Haematuria We have assumed that the nitrogenous compounds remaining after this washing procedure were of the nature of proteose. Some support for this assumption was obtained by treating the washed precipitate with biuret reagent (Hiller, 1927) and also with the phenol reagent of Folin and Ciocalteu (1927) as follows:
The precipitate from 5 ml. of urine was suspended in 0-5 ml. dilute phenol reagent and 0-4 ml. 0-1 N HCI, followed by the addition of 2-5 ml. N NaOH and diluted to 10 ml. with water. A blank precipitate obtained by adding aluminium tungstate reagents to 5 ml. of water was suspended in 0-5 ml. of the phenol reagent and 0-4 ml. of standard tyrosine solution (200 mg./l in 0-1 N HC1) and treated as above. The blue colours were compared in the photoelectric absorptiometer after 5 minutes with the spectrum red filter. The amount of proteose indicated by these tests was of the same order as that calculated from the nitrogen figure, as shown in Table IX . The improved recovery of cholesterol after washing noted above is very evident in this experiment. We assume that this is due to mechanical interference with acetone extraction by substances present on the precipitate which are removed by washing.
(b) Dialysis.-100 ml. of normal urine with added cholesterol (0-5 mg.) were dialysed in a collodion sac against running tap-water for 16 hours. Duplicate samples were similarly dialysed for 40 and 64 hours. The contents of each sac were then made up to 140 ml. with distilled water and the cholesterol content determined on 100 ml. as described above. A further 20 ml. of the dialysed urine were precipitated with aluminium tungstate, and the nitrogen content of the precipitate determined by the Kjeldahl method as above, without further washing.
From the result of this experiment, as shown in Table X It is evident from the results that the heat-coagulable protein does not carry down the whole of the native cholesterol, but does remove all added cholesterol. DISCUSSION. In view of the insoluble nature of cholesterol in water it is evident that it must be held in solution in supernatant urine by some other substance, and the well-known association between protein and cholesterol in blood serum suggested a similar association in urine. The experiments reported give some support to the hypothesis that the urinary cholesterol is normally associated with a urinary proteose fraction, and also with heat-coagulable protein if present. Removal of heat coagulable protein does not, however, carry down the whole of the native cholesterol.
Urine is not a homogeneous substance, and the varying distribution of cholesterol between the deposit and supernatant urine which we have demonstrated is obviously relevant to clinical studies. This factor has been recognized previously, e.g. Bruger in 1935 reported up to 40 per cent of the cholesterol in the urinary deposit in cases of nephritis. However, most authors have not recognized its importance, and have included the deposit even though pathological in certain cases (Sobotka, Bloch and Rosenbloom, 1940; Bruger and Ehrlich, 1943 ). Since either all or none of the urinary cholesterol may be found even in apparently normal deposits, it is evidently desirable to study the deposit and supernatant urine separately.
The aluminium tungstate method which we have developed appears to be suitable for clinical work on supernatant urine and avoids most of the disadvantages of previous methods. Results in cancer and control cases are given by Burchell, Earle and Maclagan (1949).
SUMMARY.
1. Reasons are given for doubting the specificity of certain previous extraction and precipitation methods of estimating urinary cholesterol.
2. Adsorption on alumina was successfully employed in the estimation of the cholesterol in de-proteinized urine, but did not recover the whole of the cholesterol from normal untreated urine. 3. A new method of estimation depending on aluminium tungstate precipitation has been developed which is suitable for normal supernatant urine.
4. Experiments involving adsorption, aluminium tungstate precipitation and dialysis indicate an association between the supernatant urine cholesterol and a proteose fraction.
5. Much or all of the urinary cholesterol may at times be found in the urinary deposit, or associated with heat-coagulable protein when present.
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